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Abstract. I n the article we present the methodology of automated selec- 
tion and construction the elements of the mathematic basis of maps. We 
discuss the functional possibilities and basic steps of work the program- 
analytical complex in implementation of the presented methodology. As a 
result of the work «The Atlas of map projections for the mai n regions of the 
Russian Federation» is presented. 
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1. Introduction 

Despi te that there i s a devel oped theory of the sel ecti on the map proj ecti ons 
in the mathematic cartography this selection for the most classes of maps 
(except the unified systems) was not implemented in the software. As a 
result when you want to develop the new kind of map you have to take the 
projection of the original cartographic material or any of projections which 
offer thesoftware. Very often this selection is not optimal. 

The most compl i cated task whi ch stands the Gl S- user i n the process of map 
design is to select the optimal map projection to fulfill the task of the future 
map. 

To minimize the time on the selection of the optimal map projection for the 
different kid of the geographical maps we can use Atlases of the map projec- 
tions. Such Atlases are to have the recommended map projection and the 
parameters of map projection for the different kind of the mapping territo- 
ries, which give possibilities to use the map projection recommendations at 
once, without additional calculations of the map projection parameters. 



To add more, the Gl S-users are not always professional cartographers. The 
Atlases of the map projections can become the link between the cartogra- 
phers and the wide range Gl S-users. But the development of such Atlases 
on traditional bases is very laborious and there is a real need to automate 
this servi ce and make it easy for users. 

To fulfill this idea we work out the technology of forming the Atlases of the 
map projections based on program-analytical complex (PAC). Below we 
discuss all the stages of the methods, which were realized in thiscomplex. 



2. Methods of automated selection and construction 
of elements for mathematical basis of maps 

The methods i n the whol e are presented on Fi gure 1 



Choice of scale of mapping 



On the required accuracy 
of measurement 



On the map format 
and the size 
of the territory to map 



Qn the density 
map objects 



Choice of a map piojjedion 



Mapping territory 



Extern on to longitude 
of less than S 1 



Averages oy the size 
regions 



World. Hemispheres and 
large regions 



Gau&s-Krijger 
projection 



? determine We number projections 
from which it is possible 
to make Ibe best choice 



T 



Album of map 
projections 



Map project im 



3 



Definition of the optimum 
parameters o\ a map projection 



To estimate trio selected projections 
wrth the help of generalized criterion 



To visualize tha distortion 
of the map projections 



Final sfllflcted map projection 



Creation of a graticule 



To determine trie optimal density of graticule 



To compose the graticule 



To select and compose trie index grid 



Creation of an arranging model 



The use of the mapping data base to compose an arranging model 



Generalization of content elements 



Tha composition of an arranging motfe! 



Figure L A methods of automated selection and construction for the elements of 
the mathematical basis of maps 



3. The program-analytical complex (PAC) 



The program-analytical complex (Figure 2.) provides the automation of 
processes for the all elements of the mathematical basis, which includes: 
the definition of the scale of mapping, the choice of the optimal map projec- 
tion and its calculation, and construction of graticule and a layout. 

The mai n f uncti onal characteri sti c of the PAC are f ol I ow: 

• i import/ export of geo-spati al data 

• the computer-aided choice of a map projection 

• use of atl as of map proj ecti ons 

• analysis of map projections 

• definition of theoptimum parameters of a map projection 

• the computer-aided process of definition thescaleof map 

• the computer-ai ded process of creati on a grati cule 

• the computer-ai ded process of creati on an arrangi ng model 

• analytical transformation of raster map 

• a comprehensive characterization of the projection in any point of the 
map (geographical, spherical polar and rectangular coordinates, the 
magnitude of distortion of all kinds) 

The PAC works with vector and raster graphics and allows interacting with 
all basic geographic information systems (Gl S) and graphics programs. 




Figure 2. The wi ndow of the PAC 



The choice of the map projection depends on the size of the mapping area. 
For the maps which cover the World, Hemisphere, Continents and Russia 
the range of the map projections was already defined. That is why to auto- 
mate the process of selection of the map projection for these areas we use 
theAtlasof map projections as a Library of projections. 

In the future this Library can be added with the new map projection for 
other often mapping areas. 

The selection of the optimal map projection for the mi ddle- size areas, which 
is not included in the Library, we can do with the methods of the automated 
selection the optimal map projection. The middle-size areas are the next - 
the territories of the states/ countries and its provinces, nature and econom- 
ic areas. The map projection selection performs step- by- step. 

The specification of the mapping area. To figure out what area need to be 
mapped one can use the map database (the layer of borders and coastline) 
or assign the margins according the graticule, map border, free outline or 
using the Zenith distance from the center of map window. When mapping 
the administrative unite (state, administrative subjects of the Russia Feder- 
ation, etc.) you need to select the needed area according the name or code. 
I n this case the PAC will make the selection from the map database auto- 
matically. When we want to make the World map we can use the graticule 
as the margin for the mapping area and the PAC has option to assign the 
margin according the graticule and one can make a request on any extend 
values of latitude and longitude lines. It gives possibility to make any map 
composition, including those with the difference in extend longitudes more 
than 360 Q . For the Map of Hemispheres on the oblique aspects is the best 
way to determine the mapping area according the Zenith distance. For the 
mapping of the Nature areas and other territories which does not have the 
strict borders, it is possible to define them according free outline, to put it 
on the visualized cartographic basis. Herewith the PAC automatically de- 
fines the margins of the area in rectangular and geographic coordinates. 

The specification of the optimal map projection. ThePAC-user, after when 
set the mapping area, has to ask several questions: Position, Area Shape 
and Kind of Distortions. On the tab Projection will be reflected the suitable 
map projection for the selected area, which will be also generalized on the 
mathematical criterion. By default the projections in the top of the list wi II 
be chosen. I n most of the cases it will be the optimal projections for the 
selected area. The user also can pick up the other map projection from the 
list and compare them with the optimal. 

The specification of the parameters of the projections. The searching and 
decision on the main latitudes in the Conical and Cylindrical projections, 



central poi nts of the obi i que coordi nate system are performed automati cal ly 
on assumption of minimality for generalized criterion. To fulfill this option 
one's needed to f i gure out the val ue of parameters based on shape and pi ace 
of the mapping area, also on the basis of minimality for generalized criteri- 
on. 

The visualization of distortion and the final selection of the map projec- 
ti on . To f i nal i ze the deci si on about the map proj ecti ons one's need to cal cu- 
late and construct the model of the graticule with the distortion for each 
type of map projections on the monitor screen (Figure 3.). The construc- 
tion of the graticule model with the distortion gets a great i mportance when 
the user receives several models of projections as the result of analysis men- 
tioned above and the generalized mathematical criterion values of them are 
very cl ose to each other. 1 1 i s possi bl e to show the di storti on by I i ne of equal 
distortion or colors. I n this case the minimum values of distortion accord- 
ing which we can make the most accurate measurements will be shown in 
green. Less accurate measurements will match with the yellow and orange 
colors. The red and purple colors match the areas with largest distortions 
and in this case the PAC-user can only visually estimate the model without 
possi bi I ity to make any measurement. 
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Figure 3. The Siberian Federal Okrug. The model of the graticule with shown 
distortion (a - Oblique Azimuthal Equidistant projection, b- Conical Equidistant 
projection) 



4. «The Atlas of map projections for the main regions 
of the Russian Federation" 

The Program-analytical Complex (PAC) was tested on the Russian Federa- 
tion territory as example for production the Atlas of Map Projections for 
Federal Okrugs and Military Okrugs. 

Atlas designed on basis of Atlas of Map Projections ZNI I GAiK (Ginzburg& 
Salmanova 1957), not duplicate it, but supplement the previous. 

The Atlas consists of two parts. I n the first part, the methodology of auto- 
mated choice of map projection is described. According to this method, the 
optimal cartographic projections, which meet the requirements for mini- 
mum distortion of mapping areas, were selected for eight Federal Okrugs 
and four M ilitary Okrugs. I n the second part for the each Okrugs a separate 
page presented the name of projection and its parameters; also a brief ex- 
planation and a graticule are given as well as the distortion of areas and the 
maxi mum di storti on of the corners ( F i gure 4.) . 

Also for each area are given the parameters of coordinate in different GIS 
systems. 
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Figure 4. Page from «The Atlas of map projections for the main regions of the 
Russian Federation» 



The Atlas has A4 paper size, album position. The maps presented in two 
scales: 125.000.000 and 150.000.000. The graticule step for map scale 
125.000.000 is 4 Q on latitude and 6 Q on longitude. The model of graticule 
has the coastline, state border, borders the Subjects of the Russia Federa- 
tion. 

All the projections showed in the Atlas are implemented in modern GISs. 
Projections' parameters can be easily installed by using the corresponding 
text line descri bi ng the coordi nate system from the Atl as. 

Atlas of Map Projections also implemented in electronic form as Library for 
Gl S-set for M apl nfo and ArcGI S. 



5. Conclusion 

The discussed above methodology and developed on its base the program- 
anal yti cal compl ex ( PAC) gi ve possi bi I i ty to create the Atl ases of proj ecti ons 
for any areas of the Earth. Such Atlases can be used by the professional 
cartographers and also Gl S-users who have not the vocational education as 
cartographer. The Atlases can be in paper and also in electronic form. 
«The Atlas of Map Projections for theMain Regions of the Russian Federa- 
tion» will allow optimizing map making process both for state and for pri- 
vate cartographi c compani es. 

The PAC together with the methods automation of generalization, which 
was developed in the Moscow State University of Geodesy and Cartography 
under the scientific supervision of Professor, Doctor of Engineering Anatoly 
Ivanov, provides the possibility of making the derivatives digital map bases 
on given territory, in given map projection and scale. 



References 

Bugayevskiy Lev M., Snyder J ohn P. (1995) Map Projections. A Reference Manual, 
Taylor & Francis. London. 

Ivanov A.G., Zagrebin G.I. (2011) Working out of methods of realization of ele- 
ments of the mathematical basis of maps, Proceedings of the 25th I nternational 
Cartographic Conference. Paris. 

THH36ypr T.A., CamwaHOBa T./L (1957) Aiuiac js^m Bbi6opa KapTorpa4)HHecKHx 
npoeKijHH, Tp. IlHUHrAnK. N°no. MocKBa, reofle3H3flaT. 

HBaHOB AT., 3arpe6HH T.H (2012) Aiuiac KapTorpa^iraecKHx npoeKUHH Ha 
KpynHbie peraoHbi Pocchhckoh (J)eflepai],HH: y^eGHO-HarjuiflHoe H3flaHHe, 
MocKBa, MHHrAnK. 



